This paper presents the use of human factor analysis and classification system (HFACS) for the explosion in the Texas Tech University laboratory. Human factor issues in the university laboratory were assessed according to four categories in HFACS: unsafe acts, precondition for unsafe acts, unsafe supervision, and organizational influences. The assessment showed that the student committed many errors due to precondition for unsafe acts, in particular no physical hazard evaluation required prior to conducting the experiment. Inadequate supervision in the university laboratory caused the presence of precondition for unsafe acts among students. The trajectory of human factor issues in the categories of unsafe acts, precondition for unsafe acts, and unsafe supervision pointed to the university's organization. The human factor issues were analyzed according to three subcategories in organizational influences: resource management, organizational climate, and organizational process. The use of HFACS in the explosion in the Texas Tech University laboratory could demonstrate the sequence of failures and human factors leading to the accident.
INTRODUCTION
A graduate student of Texas Tech University (TTU) was involved in the laboratory incident on January 7 th , 2010. According to the U.S. Chemical Safety Board (CSB) [10] , the explosion caused him to lose three fingers on his left hand, burned both his hands and face, and injured his eyes. The student was handling nickel hydrazine perchlorate (NHP), which is an energetic and explosive compound, as part of his research work.
The investigation conducted by the CSB [9] revealed two possible causes: poor communication on the limitation of NHP and no risk assessment on NHP prior to conducting the experiment. The principle investigators (PIs) failed to prove that they informed the student regarding the limitation of NHP prior to performing the experiment. Based on the investigation report, both the student and the PIs did not conduct physical hazard evaluation and risk assessment on NHP [9] . As a consequence, the student decided to increase the amount of NHP without consulting the PIs.
Both human and organizational factors are involved in the laboratory incident at TTU. The investigation report briefly discusses the human and organizational factors leading to the poor safety and the laboratory incident [9] , [10] . Failure to identify the organizational factor could miss the chance to improve the laboratory and its safety management system [5] .
The objective of this paper is to exercise the use of human factor analysis and classification system (HFACS) in an accident. This paper identifies human factor issues contributing to the laboratory incident at TTU. This paper uses the investigation report prepared by the CSB [9] as a main reference for the assessment of human factors. This paper presents the HFACS and its approach in Section 2. Failures and human factor issues in the explosion of TTU laboratory are assessed in Section 3. Finally, Section 4 concludes the assessment of human factors in the university laboratory.
METHODOLOGY
Human factor analysis and classification system (HFACS) was introduced by Shappell and Wiegmann [7] based on the Swiss cheese model [6] . The objective of HFACS is to identify failures and human factors leading to incidents and accidents. HFACS can provide an understanding of the series of events affected by human factors. HFACS has been applied in commercial aviation, rail, and shipping industries, as well as medical sectors [8, 1, 4, 3, 2] .
HFACS consists of four categories for identifying human factor issues, which are unsafe acts, precondition for unsafe acts, unsafe supervision, and organizational influences. Unsafe act is usually known as active failure. Precondition for unsafe acts, unsafe supervision, and organizational influences are classified as latent failures, which are not noticed until the incident or accident happened. All categories are further discussed in Section 2.1 to 2.4.
Unsafe Acts
Unsafe acts are often associated with the individual involved in the incident or accident. According to Shappell and Wiegmann [7] , unsafe acts can be divided into two subcategories, which are errors and violations. Three types of errors introduced in HFACS are skill-based, decision, and perceptual errors. There are two types of violations, which are routine and exceptional violations. Both errors and violations are active failures resulting from the precondition for unsafe acts.
Precondition for Unsafe Acts
Preconditions for unsafe acts consist of three subcategories: substandard conditions of individuals, substandard practices of individuals, and environmental factors. The substandard conditions of individual include both physical and mental states of individuals in the working environment. Examples of human factors leading to poor mental state of individuals are distraction, fatigue, and loss of situational awareness. The substandard practices of individuals have two elements: crew resource management and individual readiness [7] .
Unsafe Supervision
The precondition for unsafe acts is often caused by poor supervision. HFACS divides unsafe supervision into four subcategories: inadequate supervision, planned inappropriate operations, failed to correct problems, and supervisory violations. Failure to provide training and track individuals' performance working for the specific tasks can be assigned to the subcategory of inadequate supervision. More examples for each subcategory of unsafe supervision are available in the work by Shappell and Wiegmann [7] .
Organizational Influences
An organization is responsible for managing and implementing systems associated with tasks. Thus, the organization could influence the individual's performance in completing the tasks. HFACS classifies organizational influences into three subcategories, which are resource management, organizational climate, and organizational process. Resource management focuses on both financial and human resource management [7] . Working environment and safety culture are examples of organizational climate. Organizational process may include documentation, instructions, safety programs, and risk management.
RESULTS AND DISCUSSION
The human factors and failures leading to the explosion of the Texas Tech University laboratory were assessed from the unsafe acts category to precondition for unsafe acts, unsafe supervision, and organizational influences categories. The human factor issues and failures are presented in Section 3.1 to 3.4.
Unsafe Acts
Referring to the CSB [9] , the student was considered as an actor in the event of explosion in the university laboratory. The student's unsafe acts were assessed based on HFACS. Fig. 1 shows both skill-based and decision errors leading to the explosion.
The skill-based errors are due to lack of training prior to handling energetic or explosive compound. The student reported that he did not receive formal safety training on physical hazard evaluation for NHP. He studied NHP by reviewing many research papers by himself [9] . Lack of safety training left the student without the knowledge of proper handling of NHP, as well as physical hazards and risks of NHP.
According to the investigation conducted by the CSB [9] , the student made the decision by himself. The student did not seek advice or information from the PIs to increase the amount of NHP. The limit of NHP use is 100 mg. The student decided to prepare many batches of NHP that could fully characterize it. Fig. 2 presents the precondition for unsafe acts of the student working in the university laboratory. The precondition for unsafe acts was assessed for one subcategory only, which was the substandard practices of students. No information was identified for the subcategory of substandard conditions of students [9] .
Precondition for Unsafe Acts
The first substandard practiced by the student in the university laboratory was the requirement to wear personal protective equipment (PPE). Wearing PPE in the university laboratory is considered as a personal choice as reported by a few individuals to the CSB [9] . Students wore PPE when they perceived the experiment or research work is too risky. The student's eyes were injured in the explosion because he did not wear the safety goggles back after returning to the university laboratory [9] .
The limitation of NHP was only communicated verbally. The information regarding limitation was passed from the senior students to the new students working in the university laboratory. There was also no written procedure for the limitation of NHP provided by the department and university. The student did not communicate with the PIs prior to increasing the quantity of NHP because there was no written policy or procedure to do so.
The university laboratory did not have formal hazards and risks evaluation prior to conducting experiments. The university only provided chemical health assessment due to chemical exposure to students working in the laboratory. However, the university failed to equip the laboratory with physical hazard evaluation for energetic or explosive compounds. 
UNSAFE ACTS

Errors
Skill-Based Error
Unsafe Supervision
The precondition for unsafe acts presents due to unsafe supervision in the university laboratory. Based on the investigation report [9] , the substandard practices by students were caused by inadequate supervision in the university laboratory. No training was provided by the university management to students working in the laboratory as stated in Fig. 3 . Students reported to the investigation team that they had to find techniques and procedures for handling NHP without a proper guidance [9] . 
Organizational Influences
The investigation conducted by the CSB [9] stated that the deficiency of university's organization to manage safety systematically led to the explosion on January 7 th , 2010. Fig. 4 presents latent failures and human factors in the organizational level. Each subcategory has the human factor issues and failures.
There are many drawbacks in the resource management of the university [9] . The human factor issues in the subcategory of resource management are the failure to hire or assign university staff for tracking and assessing laboratory safety training, updating and enforcing chemical hygiene plan, reviewing safety protocol and procedure in the laboratory, and enforcing policy on handling chemicals. Students' safety practices depend on the university's organizational climate. If the university made a serious effort on safety, the students would have conformed to the safety rules and regulations in the laboratory. In the subcategory of organizational climate, the university laboratory was not provided with a tracking system for incidents and near misses occurred in the university laboratory. To make the situation of the university laboratory worse, many incidents were not documented in the safety management system of university and thus, they were not communicated to new students working in the laboratory. The incident in 2007 involving students was not informed to new students [9] .
PRECONDITION FOR UNSAFE ACTS
Organizational process involves both the university's organization and students working in the laboratory. The human factor issues related to organizational process are the university's failures to provide safety management systems of the university laboratory, physical hazard evaluation in the OSHA Laboratory Standard, and guidance for determining and mitigating risks of chemicals to students working in the laboratory. 
CONCLUSION
The explosion in a laboratory of Texas Tech University causing serious injuries to one student reveals the weakness of the university's organization to manage safety systematically. There are many human factor issues in the university's organization based on the investigation report of the CSB [9] supported by the assessment using HFACS. The human factor issues were only noticed when there was an explosion in the university laboratory. The student was the victim of the situation and the deficiency of safety management in the university laboratory. 
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